LETTER
In utero exposure to methyl isocyanate in the Bhopal gas disaster: evidence of persisting hyperactivation of immune system two decades later
The methyl isocyanate (MIC) gas leak from the Union Carbide Plant at Bhopal, India, in 1984 represents the worst chemical disaster in modern industrial history. The leak resulted in release of 30-40 tons of MIC spreading over approximately 30 square miles. The estimated mortality of this accident is believed to have been between 2500 and 6000 people, with up to 200 000 injured. 1 Given the nature and intensity of the accident, many facets of the event have been studied through at least 24 cohort studies among survivors but exposure to MIC and its possible immunological implications never received much attention. Two early studies conducted on exposed adult victims by Deo et al 2 and Saxena et al 3 reported significant delay of the cell cycle and a decreased response to mitogen-activated stimulation of proliferative lymphocytes studied.
The study was approved by the institutional review board of Bhopal Memorial Hospital & Research Centre, India, a superspecialty medical institute established under the directives of the Hon'ble Supreme Court of India, charged with the responsibility of providing specialised care to the MIC-exposed survivors. The investigators were aware of the fact that it is extremely crucial to select subjects very carefully to avoid false-positive results. Since 24 years have elapsed following the exposure, a very careful and deliberate attempt was made to identify and recruit subjects to ensure that they were indeed exposed to MIC in utero. A cohort was established following extensive verification of the birth records of subjects exposed in utero and after ascertaining the following criteria of the pregnant mothers: physical presence and address of stay on the night of the MIC leak; distance from the factory; protective measures taken at the time of the gas leak, if any; remained outdoors or indoors; if outdoors, the activity profile, that is, running or exertion or walking or driving etc; and symptomatic profile such as respiratory, cutaneous and ocular symptoms on exposure on that night to corroborate exposure. The study comprised of the following three groups: Group I (n = 50): non-exposed healthy subjects recruited from places within the geographical region of Bhopal but from unaffected zones (more than 25 km from the Plant); Group II (n = 50): non-exposed healthy subjects recruited from cities outside Bhopal (more than 200 km from the Plant); and Group III (n = 50): in utero-exposed subjects in the first trimester of pregnancy from affected zones (within 2.5 km from the Plant).
The following parameters were studied: complete blood count, lymphocyte subset analysis (T, B, NK) by flow cytometry, Th1/Th2 multiplex cytometric bead array analysis on phytohaemagglutin-stimulated lymphocytes, serum immunoglobulin levels and antinuclear antibodies screening by enzyme-linked immunosorbent assay.
The observations recorded significant differences in various immune responsive parameters of the exposed cohort studied (table 1) . There was no significant difference in the absolute number of T lymphocytes, however, absolute number of B lymphocytes was significantly higher in the exposed group compared with controls (p,0.001). The exposed group showed marked increase in the levels of IL-2 (p,0.001), IFN-c (p,0.001), IL-4 (p,0.001) and IL-10 (p,0.001). Levels of immunoglobulins recorded significantly higher values in the exposed group (p,0.001). Antinuclear antibodies titres in the exposed group showed 22 positive cases in comparison with three reported in both control groups (cut-off index 1.5).
Our study shows, for the first time, that in utero MIC exposure during the Bhopal gas tragedy has caused a persistently hyperresponsive cellular and humoral immune state in affected individuals. This is suggested by increased cytokine secretions by stimulated lymphocytes in vitro and higher immunoglobulin levels in this cohort. The high prevalence of anti-nuclear antibodies in the in uteroexposed group is also noteworthy. Animals exposed in utero to tobacco smoke (which also contains MIC) have hyper-immune responsiveness. 4 A toxin-induced genetic or epigenetic alteration at the level of immune stem cells can be speculated to be the likely underlying cause. Whether this immune hyper-responsiveness has any clinical implications will be clear by ongoing follow-up of the exposed individuals. However, it does offer a potential insight into modulation of the immune system by environmental factors possibly at the level of the epigenome. MIC exposure in utero in the first trimester of pregnancy has caused a persistently hyperresponsive state of the immune system. 
